Abstract -The use of multinuclear magnetic resonance s t u d i e s t o o b t a i n information on s t r u c t u r e s , bonding and mechanisms of ligand and/or metal rearrangements f o r carbonyl clusters i n s o l u t i o n w i l l be i l l u s t r a t e d .
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FIGURE 2
Schematic r e p r e s e n t a t i o n ( l a r g e spheres = Rh, s m a l l spheres = CO) o f t h e s t r u c t u r e s of:- ( b ) when t h e c l u s t e r contains s i m i l a r metals i n d i f f e r e n t s i t e s b u t X-ray a n a l y s i s cannot d i s t i n g u i s h t h e d i f f e r e n t metals because they are s o similar. e . g . H Ru Rh (CO)12.
f o r H-location i n hydrido-clusters e . g . iHRh6(CO!15]-.
( F i g . 2 a ) ( r e f . 2 ) [HRh6(CO) 5 C j -, ( F i g . 2b) ( r e f . 2 ) [HRh6(CO)1 C J ( F i g . 3) t r e f . 4 ) iRh13(C0)24H3J2-, ( F i g . 4 ) ? r e f . 5 ) .
( F i g . 3) ( r e f . 4 ) .
2 2 2 ( c ) ( F i g . 2c) ( r e f . 3 ) iH2Ru2Rh2(C0)1$.
W FIGURE 3
Schematic r e p r e s e n t a t i o n o f t h e s t r u c t u r e o f H2Ru2Rh2(C0)12 
F I G U R E 4
Schematic r e p r e s e n t a t i o n o f t h e s t r u c t u r e
There is a good c o r r e l a t i o n of Rh-CO bond length with 1J(103M-13CO). e s p e c i a l l y within a s i n g l e c l u s t e r ( r e f . 6 ) . Whenever d i s t o r t i o n s have been found by X-ray crystallography i n the s o l i d s t a t e , n.m.r. mequrements show t h a t t h e same d i s t o r t i o q s are r e t a i n e d i n s o l u t i o n . e . g [Rh,oS(CO) 22]2-( r e f . 8 ) .
[ R h 9 E (~~) 2 1 j ' -( E = P . A S ) , ( r e f . 7 ) i R h 1 0 E (~~) 2 2~J -(E = P . AS).
( r e f . 7 )
The above s t r u c t u r a l s t u d i e s have concentrated upon multinuclear magnetic resonance measurements i n s o l u t i o n under an ambient pressure of g a s . However. w e have r cen l y developed a c e l l which enables multinuclear magnetic resonance measurements ("C, " P ?' CO etc.) , with o r without lH-decoupling. t o be carried o u t under high pressures of g a s ( < 500 atm) within t h e temperature range -80 OC t o 190 O c . ( r e f . 9 . 1 0 ) . Excellent signa1:noise is obtained under t h e s e conditions and 13C s p e c t r a with w112 = 2.5 HZ can be obtained r o u t i n e l y . This cell is useful f o r gaining information about t h e mechanisms of homogeneous c a t a l y t i c r e a c t i o n s i n s i t u and t h e l e c t u r e w i l l demonstrate how t h e rhodium catalysed hydroformylation of hex-1-ene has been s t u d i e d i n this way.
E X C H A N G E I N F O R M A T I O N F R O M MULTINUCLEAR M A G N E T I C RESONANCE M E A S U R E M E N T S
Inter-exchange with CO There are few examples of clusters. which are s t a t i c on t h e n.m.r. time-scale, t h a t undergo d i f f e r e n t i a l rates of exchange with f r e e CO. phenomenon is LRh6(C0)15CJ2-( F i g . 5). I n t h i s c a s e , p r e f e r e n t i a l exchange of t h e bridging CO s within a Rh3-triangle occurs and t h i s suggests that a d i s s o c i a t i v e mechanism is i n v o l v e d n c e t h e i n t r a -t r i a n g u l a r Rh-CO bond length 2 -12 2 is s i g n i f i c a n t l y longer than the i n t e r -t r i a n g u l a r bond length 2.04 8 ( r e f . 11)
One such cluster which e x h l b i t s this
h P b C \ \ FIGURE 5 FIGURE 6 0 Recently. 13C n.m.r.
has shown t h a t LOs2(p-MeC
Schematic r e p r e s e n t a t i o n o f [Rh (CO) CI2- 0s-0s bond ( r e f . 1 2 ) 'This is in-keeping f r e e CO e n t i r e l y a t sites which are 9 t o t with the p r e f e r e n t i a l replacement of CO by o t h e r l i g a n d s . e.g. PR3. P(OR)3. i n sites t r a n s t o formal M-M bonds ( r e f . 1 3 ) b u t , i n these cases.
i t is not clear whether t h i s is d u x thermodynamic o r k i n e t i c e f f e c t s
Intra-exchange of CO Early n.m.r. measurements f o r obtaining information about CO rearrangement pathways relied heavily upon v a r i a b l e temperature measurements and observation of d i f f e r e n t i a l l i n ebroadening/coalescence of d i f f e r e n t . unambiguously assigned resonances, e .g. [Rh7(C0)16J3-( r e f . 14) It is now posslble t o obtain much more p r e c i s e information about "what goes where" through t h e use of t h e DANTE pulse sequence ( r e f . 15). and we have used t h i s method f o r a v a r i e t y of c l u s t e r s ranging from Rh4 t o Rh17 ( r e f . 16).
exchange involves e i t h e r l o c a l i s e d r o t a t i o n of inequivalent C O ' s about a p a r t i c u l a r metal atom o r terminal-bridge CO-exchange which is p a r t i c u l a r 1 regenerates the o r i g i n a l s t r u c t u r e . e . g . LRh13(CO)24HnI('-n)-( r e f . 5). ( n = 1 . 2 . 3 . 4 ) tRh6(C0)13Cj2-( r e f . 11). time-scale) around t h e Rhq-equator i n i H h 6 ( C O ) l $ J 2 -even a t -80 O c i n s o l u t i o n and t h e 7 CO s involved i n exchange around t h i s equator a l s o show a l a r g e c o r r e l a t e d v i b r a t i o n a l motion i n t h i s same Rh4-plane even i n t h e s o l i d state ( r e f . 1 7 ) .
Although i t has been claimed t h a t s o l i d s t a t e n.m.r. measurements on C 0 4 ( C 0 )~2 i n t h e s o l i d s t a t e provides evidence f o r r o t a t i o n of t h e metal tetrahedron within t h e carbonyl polyhedron, ( r e f . 18) w e have no evidence f o r t h i s mechanism being responslble f o r t h e CO-exchange i n any cluster t h i s occurring.
Among isostructural/isoelectronic c l u s t e r s . t h e energies of a c t i v a t i o n f o r CO-migration appear t o decrease w i t h increasing negative charge ( r e f .
16) and t h i s appears t o be r e l a t e d t o subtle changes i n back-Donaing of t h e metal t o carbonyl ligands s i n c e w e have shown t h a t of a l l t h e homometallic rhodium c l u s t e r s s o f a r s t u d i e d has the f a s t e s t Ti.
I n a l l of our work, CO- f a c i l e i f such an exchange
I n f a c t . i t w a s not possible t o s t o p the CO-exchange (on t h e n.m.r we have studied i n s o l u t i o n and i n many cases w e have d e f i n i t e evidence against t h e bridging CO f i r s t t o migrate

Intra-exchange of H H-migration over t h e s u r f a c e of a c l u s t e r has long been known and w e have r e c e n t l y shown t h a t t h i s can o c c u conccmmittantly with CO-migration over t h e same s u r f a c e ( r e f . 3
) . An increasing number cf examples of c l u s t e r s . (e.9. [Rhi3(CO)24Hnl(5-n)-( n = 1 . 2 . 3 . 4 ) ( r e f . 5 ) [Ni9Pt3(C0)21H4-n1n-( n = 3 . 2 ) ( r e f . 19). are known wh re H migrates i n t e r s t i t i a l l y within t h e m e t a l l i c framework. I n the case of LRh, ,(CO)24H31i?-, t h e H's occupy pseudo-octahedral holes a t low temperature and migrate w i t h fl a c t i v a t i o n energy s i m i l a r t o t h a t found f o r t h e migration of hydrogen c.c p . bulk metals ( r e f . 5). I n t h e case of t n e Rn13-hexagonal-closepacked c l u s t e r . t h i s migration m u s t involve octahedral-tetrahedral hole jumps.
T. HEATON
Intra-exchange of the metal polyhedron l g 5 P t n.m.r. was first used t o show t h a t t h e e s s e n t i a l l y e c l i p s e d Pt3-triangular stacks i n [{Pt3(co)6},I2-( n = 2 . 3 . 4 ) r o t a t e about t h e pseudo-3-fold a x i s i n s o l u t i o n ( r e f . 201 then. o t h e r examples of metal polyhedral rearrangements have been found f o r c l u s t e r s which contain a metal polyhedron containing a h e t e r o -i n t e r s t i t i a l atom e . g . ii3hgElC0)21j2-, ( E = P . A s ) ( r e f . 7 ) ; [RhloE(C0)~2] (E = P . A s . n = 3 ( r e f . 7 ) ; E = S . n = 2 ( r e f . 8 1 ) ; [Rhi2Sb(C0127i3-( r e f . 7 ) . close-pacKed metal polyhedra undergoing metal rearrangement.
Since
So f a r . no examples have y e t been discovered of homo-metallic
BONDING OF INTERSTITIAL ELEMENTS W I T H I N METAL POLYHEDRA
A v a r i e t y of main group elements. including C S i . G e . Sn N. P . A s , Sb. and S have been found t o occupy i n t e r s t i t i a l sites within metal polyhedra i n t r a n s i t i o n metal carbonyl c l u s t e r s . than t h e covalent r a d i u s of t h e i n t e r s t i t i a l atom l o s e s e l e c t r o n d e n s i t y and Mossbauer measurements on [ N 1 @ 1 ( C O ) 2 2 1 -show t h a t t h e isomer s h i f t is 2 5 mm s-l ( r e f . 21). which is w e l l within t h e range found f o r S n ( I 1 ) is in-keeping with a p o s i t i v e l y charged i n t e r s t i t i a l atom C occupies t h e l a r g e s t v a r i e t y of s i t e s ranging from octahedral t r i g o n a l p r i matic [Ni$(CO) lg1'-LNilOC e.?. C0)ZO 7' -( r e f . 2 2 ) . TI r e l a x a t i o n times (Table 11 on these i n t e r s t i t i a l carbides a t various f i e l d s t r e n g t n s i n s o l u t i o n show t h a t t h e r e l a x a t i o n r a t e is dominated by t h e Chemical Shift Anisotropy mechanism (Table 2) ( r e f 23) and this has m e n confirmed by measurements i n s o l i d s t a t e . By analogy with organic compounds ( r e f . 2 4 ) t h e occurrence of s p o r sp2 by hybridisations produces a l a r g e anisotropy which is absent i n compounds with an symmetry of t h e c l u s t e r and previous v i b r a t i o n a l s t u d i e s . ( r e f . 25) suggest t h a t t h e carbide is probably more c o r r e c t l y viewed a s an 9 caroon and t h i s is i n keeping witn Huckel 
I n t h i s case t h e d a t a show t h a t t h e s h i e l d i n g tensor is almost completely
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I n t e r a c t i n g Ni and C c a r b i d e a t o m i c o r b i t a l s i n [ N i C ( C 0 ) q 8 1 I , 11, 111 and IV a r e a l l i m p o r t a n t 
